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Summary
Background: Ischemic ‘‘pre’’-conditioning has been shown to have antiarrhythmic effects.
The aim of this study was to investigate whether ischemic ‘‘post’’-conditioning (post-CON)
also has antiarrhythmic effects in ST-segment elevation myocardial infarction (STEMI) patients
undergoing coronary angioplasty (PCI) as a clinical model of post-CON.
Methods and results: A total of 61 patients suffering from an acute myocardial infarction (AMI)
were included. The QT dispersion (QTd) was measured before each balloon inﬂation (BI) and
after deﬂation (BD) during PCI. The hemodynamic parameters and electrocardiogram were also
assessed during PCI. All data were analyzed using a logistic regression analysis. A total of 36 of
61 STEMI patients could be analyzed according to the protocol. The QTd shortened signiﬁcantly
as the BI and BD were repeated (p < 0.05). Prior to the PCI, frequent premature ventricular
contractions (PVCs) were observed in 5 patients, and the PVCs were remarkably suppressed or
disappeared entirely as the BI and BD were repeated. Non-sustained ventricular tachycardia was
observed prior to the PCI in 2 patients; this also disappeared as the BI and BD were repeated.
Ventricular ﬁbrillation (VF) occurred in 1 patient prior to PCI, necessitating D-C cardioversion.
After repeating the BI and BD during PCI, VF no longer recurred.
Conclusions: In the majority of the AMI patients studied, post-CON exhibited signiﬁcant antiar-
rhythmic effects as assessed by
also suppressed during the PCI.
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Table 1 Patient characteristics.
Age (years) 58.4± 8.7
Men 27 (75%)
History of angina 4 (11%)
Beta-blockers 11 (30%)
Calcium antagonists 6 (17%)
Ejection fraction 49± 11%
Hypertension 58± 15%
Hyperlipidemia 39± 8%
Family history of hypertension Occluded
coronary artery
42± 19%
LAD 20 (60%)
Cx 7 (19%)
RCA 9 (21%)
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ntroduction
schemic preconditioning (pre-CON) was introduced as
potent endogenous form of cardioprotection against
schemic-reperfusion injury. Brief preceding periods of
yocardial ischemia seem to delay the lethal myocardial
ell injury observed during subsequent coronary occlusions
1,2]. This phenomenon of pre-CON may increase the ven-
ricular ﬁbrillation (VF) threshold and reduce the incidence
f ischemic and reperfusion arrhythmias [3—6].
It has been observed that the heart seems to be
ble to effectively protect itself from reperfusion not
nly by preconditioning, but also by brief episodes of
schemia during the early reperfusion period following a
ronounced ischemic event, which is called ischemic ‘‘post-
onditioning’’ (post-CON) [7].
Post-CON can be provoked by reperfusion of the coronary
rteries after a relatively longer occlusion. There is evidence
o demonstrate that pre-CON may induce antiarrhythmic
rotection in humans [8—10]. However, whether the same
ntiarrhythmic effects can be expected for post-CON has
ot been clariﬁed.
ypothesis
short series of repetitive cycles of brief reperfusion and re-
cclusions of the coronary artery applied immediately at the
nset of the reperfusion, termed ‘‘post-CON,’’ was cardio-
rotective due to the reduction in the infarct size, coronary
rtery endothelial dysfunction, and neutrophil accumulation
n the area at risk [7]. Kin et al. experimentally investigated
he cardioprotective effects of pre-CON by performing the
ollowing experiment using rat hearts [12]. They demon-
trated this by occluding the coronary artery for 30min, and
hen reperfusing it by loosening the ligature for 3 h. During
hat 3-h interval, immediately upon the onset of the reper-
usion after the 30-min coronary occlusion, the reﬂow was
nitiated with 10 s of full coronary ﬂow, followed by 10 s of
e-occlusion, and repeated for a total of three to six cycles.
e believed that those repeated coronary arterial occlu-
ions and reperfusions were very similar to an ST-segment
levation myocardial infarction (STEMI). Therefore, a pri-
ary percutaneous coronary intervention (PCI) performed
or STEMI patients could be regarded as a clinical model of
ost-CON. In addition, we considered that we might be able
o assess the electrical effects of the post-CON by investi-
ating several clinical parameters during the primary PCI in
he STEMI cases.
ethods
he study design was accepted by the Ethics Committee
f Yokohama-City Bay Red Cross Hospital. Informed consent
as obtained from all patients.
atientshis study consisted of 61 consecutive patients undergo-
ng an emergency coronary angioplasty for acute coronary
yndrome and fulﬁlling the following criteria after obtain-
s
(
s
BLAD, left anterior descending coronary artery; Cx, left circum-
ﬂex artery; RCA, right coronary artery.
ng the informed consent from all the patients: (1) totally
ccluded single-vessel coronary lesion; (2) coronary lesion in
relatively proximal portion of the vessel; (3) documented
cute myocardial ischemia; (4) no antiarrhythmic agents
ncluding beta-adrenergic blocking agents at the time of the
rocedure; and (5) no acute procedural complications. The
linical data from the study group are shown in Table 1.
tudy protocol
ll the study patients had serious chest pain of sudden onset,
nd were transferred to our institute to undergo a needed
edical assessment regarding their physical status. Blood
hemistry examinations were performed revealing a signiﬁ-
ant rise in cardiac biomarker values suggestive of an acute
assive necrosis of the myocardium.
All the study patients had a total coronary occlusion
esulting in a STEMI when the coronary angiography was
erformed to assess the status of the coronary arteries.
PCI was performed according to the standard technique.
nfractionated heparin was given as an initial bolus of
0 IU/kg, and additional boluses were administered during
he PCI procedure to achieve an activated clotting time
f 250—300 s. The blood pressure was monitored through
he sheath inserted into the radial artery. All patients who
ad not taken aspirin before the presentation of the STEMI
eceived aspirin at a dose of 200mg, followed by 100mg/day
y mouth indeﬁnitely. The patients were loaded — if not pre-
iously taking clopidgrel — with 300mg of clopidgrel before
he PCI procedure, followed by 75mg/day for at least 12
onths. Serial samples for determination of the cardiac
iomarkers such as creatine kinase and lactate dehydroge-
ase were routinely collected in all patients 6, 12, and 24 h
fter the procedure.
lectrocardiographic analysis
12-lead electrocardiogram (ECG) was recorded at a paper
peed of 50mm/s before and after each balloon inﬂation
BI) and deﬂation (BD) procedure at a timing when the ST
egment elevation returned to the original level before the
I procedure in addition to just after the BD procedure.
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iElectrophysiologic effects of post-conditioning
The duration times of balloon inﬂation and deﬂation were
approximately 10—30 and 5 s, respectively. All ECG trac-
ings were analyzed for the measurement of the QT interval
dispersion as a surrogate marker of the ventricular myocar-
dial electrical inhomogeneity. The QT intervals in all the
ECGs were measured routinely for 5 consecutive beats by
two cardiologists. Those two investigators were blinded with
respect to the patient to which the ECG under analysis
belonged. The QT intervals were measured from the begin-
ning of the Q wave to the return of the T wave to the
isoelectric line in each lead, in which the end of the T wave
could be discerned. In the presence of a U wave, the end of
the T wave was deﬁned as the intersection of the tangent
to the repolarization slope with the isoelectric line. The QT
dispersion (QTd) was deﬁned as the difference between the
maximal and minimal QT interval across the 12-lead ECG
electrograms.
Statistical analysis
All values are expressed as the mean± SD. Because all the
measurements of the QTd were normally distributed, a logis-
tic regression analysis was used for the analysis. A p-value
<0.05 was considered signiﬁcant.
Results
A total of 36 out of 61 patients were studied, 25 patients
were excluded from the study because of the difﬁculty in
precisely measuring the QT intervals in the 12-lead ECGs
or transient ventricular back-up pacing. The QT intervals
were measurable in an average of 10.9 leads. A pro-
portion of the patients were taking beta-blockers and/or
calcium-channel blockers, but no other antiarrhythmic drugs
or other drugs known to inﬂuence the action potential
duration.
During the primary PCI, the BI and BD cycles ranged from
2 to a maximum of 9. The average BI and BD cycles were
4± 1.1. In all the patients, the successful recanalization
of the target coronary arteries was performed without any
serious adverse effects such as a coronary dissection, acute
recoiling, or sub-acute thrombosis.
Repeated measurements of the QTd from 50 randomly
chosen 12-lead ECGs from the patients revealed a mean,
non-signiﬁcant intraobserver variability of the QTd of
8± 6ms (range 4—32).
Hemodynamic status
The BI and BD were repeated for a maximum of 9 times
in the PCI cases. During the PCI procedure, the systolic
and diastolic blood pressures were relatively maintained
well without any need of cardiac support agents. When
VF spontaneously occurred during the procedure, the blood
pressure dropped down seriously and was associated with
a sudden loss of consciousness. However, it returned
to the baseline level immediately after the electrical
deﬁbrillation.
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he change in the QTd and arrhythmias during the
CI procedure
n example of the measurement of the QT interval and
hange in the QT dispersion are shown in Fig. 1. The change
n the QTd signiﬁcantly decreased as the BI and BD were
epeated (Fig. 2). Prior to the PCI procedure, frequent pre-
ature ventricular contractions (PVCs) were observed in 5
atients, and those PVCs were suppressed by more than 70%
r entirely disappeared as the BI and BD were repeated.
on-sustained ventricular tachycardia (VT) was observed
rior to the PCI in 2 patients, however, that also disap-
eared as the BI and BD were repeated. VF occurred in one
atient prior to the coronary arterial recanalization, and it
ecessitated external electrical deﬁbrillation to regain sinus
hythm. After repetition of the BI and BD during the PCI pro-
edure, the VF no longer recurred even though the coronary
rtery was totally occluded for approximately 30 s during the
I.
iscussion
reviously we were able to demonstrate that pre-CON had
n antiarrhythmic effect as evaluated by the signiﬁcant
ecrease in the QTd, which was investigated in cases that
ad undergone an elective PCI [6]. Hara et al. also reported a
harmacological study regarding the antiarrhythmic effects
f intravenous nicorandil which is supposed to induce the
schemic pre-conditioning in STEMI patients [11].
Brief intermittent repetitive interruptions in the perfu-
ion at the onset of reperfusion after a prolonged period of
schemia reduced the myocardial injury to an extent com-
arable to pre-CON [7]. In all the study patients, all the
oronary lesions of interest were totally occluded, and pri-
ary PCI was successfully able to recanalize such coronary
rteries.
This phenomenon has much similarity to the experimen-
al model regarding the post-CON [12—14]. Therefore, we
ypothesized that a primary PCI performed for a STEMI could
e regarded as an appropriate clinical model of the post-
ON.
The QT interval has been used to describe the time
etween the onset of the ventricular activation and elec-
rical recovery after activation. The QTd is the range of the
T intervals across the 12-lead ECGs. Increased dispersion of
he electrical recovery after the activation was experimen-
ally demonstrated to be a key factor in the development of
erious and fatal arrhythmias associated with ischemia [15].
n contrast, reduced dispersion was considered to suppress
hose types of arrhythmias [16,17]. In our study, the QTd
ecame decreased as the BI and BD were repeated during
he PCI procedure which resulted in the successful recanal-
zation of the target coronary arteries. Accordingly, several
inds of malignant ventricular arrhythmias such as PVCs and
onsustained VT and VF were signiﬁcantly suppressed in the
resent study. There may be a close relationship between
he shortening of the QTd and the suppression of malignant
entricular dysrhythmias. However, the time course of these
rrhythmias might be also associated with the consequences
f the coronary reperfusion due to PCI.
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Figure 1 (A) This tracing shows an acute coronary syndrome of the left ventricular anterior wall. The longest QT interval was
observed in lead V4 and the minimum QT interval in V2. After several balloon inﬂation (BI) and balloon deﬂation (BD) procedures,
the maximum QT changed from 590 to 490ms, and the minimum from 460 to 430ms. Accordingly, the QT dispersion signiﬁcantly
decreased from 130 to 60ms. (B) This tracing demonstrates an acute coronary syndrome of the left ventricular inferior portion.
The maximum QT interval was observed in lead II and the minimum QT interval in lead V2. The maximum QT interval changed from
450 to 390ms, and the minimum QT interval from 390 to 360ms after several BI and BD procedures. Therefore, the QT dispersion
e sion.
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axhibited a signiﬁcant change from 60 to 30ms. QTd, QT disper
Halkos et al. experimentally investigated the interfer-
nce between the pre- and post-CON when performing the
epeated cycles of the coronary occlusions and reperfusions.
hey found that VF occurred less often in the treatment
roups (providing coronary arterial intervention) compared
o the control (no coronary intervention). Moreover, they
lso demonstrated that VTwhich occurred with the initiation
f the reperfusion promptly resolved with the reocclusion
uring the post-CON period [14].
t
s
u
sTherefore, our results in the present study could be
egarded as showing the antiarrhythmic effects of post-
ON. The suggested mechanisms of the post-CON effect
n protecting the myocardium from ischemic injury were
reduction in the neutrophil accumulation, decrease inhe endothelial dysfunction [7], attenuation of oxidative
tress [12], reduction in apoptotic cell death, and atten-
ation of mitochondrial calcium accumulation [18]. Further
tudy will be necessary to investigate which mechanism
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Cases (N)
Mean QT dispersion
36
6.9 1.4
36
3.5 1.1
25
2.9 0.9
21
2.2 0.9
16
2.3 0.8
10
1.4 0.7
6
2 0.8
P<0.05
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RFigure 2 Effects of the balloon inﬂation and deﬂation during th
The QT dispersion (Y-axis) for each balloon inﬂation and deﬂati
is responsible for the antiarrhythmic effects of the post-
CON.
Yang et al. described that after the initial reperfusion of
the infarct artery during the primary PCI in patients with
an acute myocardial infarction, several brief, low-pressure
balloon occlusions of the vessel could be performed before
the procedure is completed with subsequent additional dila-
tions to obtain a sufﬁcient TIMI grade ﬂow. This procedure
of post-CON could be safely and readily adapted for clinical
usage [19]. In the present study, we were successfully able
to accomplish the PCI procedure with a sufﬁcient TIMI grade
ﬂow in all cases, and signiﬁcant antiarrhythmic effects could
be expected in these kinds of successful recanalizations of
the coronary arteries in STEMI cases.
Limitations
First, the present study lacks a control group, however, we
were determined not to have a control group due to the eth-
ical issue which might be provoked by the nonfulﬁlment of
the appropriate treatment for patients with a STEMI. There-
fore, this study can be regarded as a preliminary clinical
study. Second, the portion of the occluded coronary arteries
varied among the cases, therefore, the QT intervals and QTd
measurements might have been inﬂuenced by the regional
ischemia itself rather than the electrical effects provoked by
the post-CON. Third, the TIMI grade after the ﬁrst recanal-
ization of the target coronary artery varied among the cases
during the primary PCI and ranged grade II—III, and there-
fore, there might have been differences in regard to the
strength of the antiarrhythmic effects provoked by the post-
CON. Fourth, the time from the sudden occlusion of the
coronary artery to the recanalization also varied among the
cases (should be less than 1 h in all cases), therefore, thereimary percutaneous coronary intervention on the QT dispersion.
-axis) is represented by the bars.
lso might have been differences concerning the electrical
ffects associated with the post-CON. Fifth, the occluded
ortion of the coronary artery also varied, and therefore,
e could not exclude the possibility that unmasked addi-
ive antiarrhythmic effects of the post-CON might have been
nduced if a more proximal coronary artery would have been
ccluded. Sixth, the pre- and post-CON were additive during
rolonged ischemia [13], so the antiarrhythmic effects of the
re-CON in addition to post-CON might have contributed to
he results in the present study. Seventh, relief of ischemia
an reduce ischemia-induced arrhythmias during PCI. How-
ver, it might be possible that post-CON provoked by relief
f ischemia principally might exert antiarrhythmic effects
uring PCI. Eighth, the re-occlusion of the coronary artery
ess than 1min after the reperfusion is necessary to pro-
oke ischemic post-conditioning [20]. Several cases might
e involved in which the re-occlusion of the coronary artery
as performed later than 1min. However, we were unable
o clarify this because of the lack of the detailed record-
ng regarding the exact procedure of balloon inﬂation and
eﬂation.
In summary, the post-CON performed within approx-
mately less than 1 h of serious ischemia followed by
eperfusions and occlusions of the coronary artery signiﬁ-
antly reduced the QTd, and VT/VF associated with acute
schemia during the primary PCI.
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